ABSTRACT MACAULAY, D. M. (University of Manitoba, Winnipeg, i\lanitoba, Canada), R. Z. HAWIRKO, AND NORMAN JAMES. Effect of pasteurization on survival of certain psychrophilic bacteria. Appl. MIicrobiol. 11:90-92. 1963.-The effect of pasteurization on survival in milk of four strains of psychrophilic pseudomonads and of one strain of Alcaligenes was determined. Cell numbers were very low immediately after pasteurization, but increased after storage. The survival of psychrophilic bacteria in pasteurized milk appeared to depend on the initial number of organisms, and detection depended partly on the length of time of storage at 3 to S C.
112a1, subcultured in this laboratory at regular intervals for 11 years; and lyophilized Alcaligenes tolerans (received from National Collection of Industrial Bacteria, Aberdeen, Scotland) . Stock cultures were maintained on Trypticase Soy Agar (TSA) at 4 C and subcultured at weekly intervals. Abd-el-1lalek and Gibson (1952) described and named A. tolerans, which was psychrophilic and capable of surviving pasteurization. Gyllenberg et al. (1959) conifirmed both the psychrophilic growth at 5 C and the thermoduric nature of this microorganisnm, which has probably beeni overlooked in the literature owing to its inability to grow with glucose as the sole source of carbon. Contrary to being of minior interest, A. tolerans was found by these authors to be the most prominent species in pasteurized milk.
Standardized suspensions. A 4-ml sample of a 24-hr culture in Trypticase Soy Broth (TSB) was subcultured on TSA in a Roux bottle and incubated at 25 C for 24 hr. The cells were washed from the agar surface, suspended in 10 ml of saline, and collected by centrifugation at 2,000 rev/mim for 20 min. The cells were then washed twice in saline, resuspended in 10 ml of saline, and shaken for as long as a min to obtain even distribution. The number of organisms per ml was determined from the per cent transmittance of a series of decimal dilutions in saline, using a Beckman colorimeter (model C) with a 650-m,u filter. A calibration curve, obtained by plotting the per cent transmittance ao'ainst the number of cells estimated by the Petroff-Hausser counting chamber, was used to determine cell denisities of the initial population.
The cell suspension was considered to be homogenous, since the transmission of light on the colorimeter held steady and clumps were not observed in the counting chamber.
Pasteurization. A series of cell densities, ranging from 109 to 10 cells per ml suspended in 5-ml volumes of TSB in stainless-steel tubes, were heated at 73 C for 16 sec and cooled immediately to 10 C. Survival was determined by culturing 0.5 ml of each sample in 4 ml of TSB at 25 C for 3 days and checking for growth turbidimetrically.
Similar tests were carried out in milk in place of TSB, except that cell densities ranged from 106 to 102 per ml and survival was determined by the standard plate count (American Public Health Association, 1960) . The pasteurized samples were stored at 4 C for 10 days, and the plate count was repeated to determine the effect of postpasteurization storage. All tests were carried out in duplicate.
RESULTS
The pasteurization tests in broth (Table 1) showed that, with minor exceptions, all strains were killed when 102, but not when 106, cells were present. A. tolerans was more heat-resistant than the pseudomonads.
The number of survivors in the milk samples recorded in Table 2 days of storage at 5 C; when the count was below 104, no survivors were demonstrated.
DIscussIoN
Heat tolerance of the strains generally appeared to be the same in milk as in broth; A. tolerans was somewhat more heat-resistant than the pseudomonads but did not grow at 5 C, although it is described as a thermoduric psychrophile (Gyllenber et al., 1959) .
Contrary to the reports of other workers (Witter, 1961 ) that the pseudomonads do not survive either laboratory or commercial pasteurization, and that their presence in milk is the result of postpasteurization contamination, the strains in this study survived and subsequently increased in significant numbers under refrigerated storage. Since these bacteria are unquestionably present in raw milk, and the maximal count of 2 X 105 cells allowed by the U.S. Public Health Service (1953) would yield some survivors, it would appear that the keeping quality of milk could be improved by sanitary techniques which would keep the number of pseudomonads before pasteurization at a minimum. Of equal importance is the control of the increase in population which occurs during storage at low temperatures.
The experimental conditions of pasteurization (73 C for 16 sec) were selected to allow comparison with commercial treatment (71.6 C for at least 16 sec). At any rate, the results indicate that the important variable is the initial number of organisms.
